Med., 1983, 141, Suppl., 141-146 -In a 5-12 year follow-up study of 288 subjects with borderline glucose tolerance, 56 of them worsened to overt noninsulin dependent diabetes mellitus (NIDDM). Multivariate analysis indicated that a high level of fasting and 2-hour blood glucose values at the initial 100 g oral glucose tolerance test, a large maximal body weight index (Max. BWI) and a diminished insulin response to glucose load were significant independent risk factors for worsening to diabetes. Deterioration to diabetes was observed 4.5 times, 6.1 times and 2.1 times more frequently in subjects with fasting blood glucose ~ 100 mg/1.00 ml, 2-hour blood glucose?_ 180 mg/100 ml and Max. BWI Z 130%, respectively, as compared with those having lower values of each variable. Diabetes developed almost exclusively from low insulin responders in 253 non-or mildly obese subjects, while in 35 severely obese subjects a certain number of `normal or high' insulin responders did develop diabetes . In conclusion, 1) the majority of cases of NIDDM develop on the basis of low insulin secretion, with an additional precipitating factor of obesity, and, 2) in some with higher insulin responses diabetes develops when extreme obesity exists, though these cases form a minor group in Japan today.
follow-up study ; borderline glucose tolerance ; worsrening to diabetes ; multivariate analysis ; diminished insulin response ; obesity Recently, based on Second Report of WHO Expert Committee (1980), Japan Diabetic Society has proposed a new set of diagnostic criteria for oral glucose tolerance test (1982) . In this proposal a wide-ranged, probably heterogenous group, `the borderline type' was established between the normal type and the diabetic type. This prompted us to define a high risk group for worsening to diabetes in the borderline type.
It is the purpose of the present study to report a 5-12 year follow-up of 288 subjects of the borderline type and to elucidate the risk factors for worsening to diabetes with special reference to diminished insulin response and obesity.
SUBJECTS AND METHODS

Subjects
The subjects of this study were selected from outpatients of Intitute for Adult diseases, Asahi Life Foundation. A total of 288 subjects have been observed for 5-12 years (8.7± 2.6 years, mean+S.D.), who presented an intermediate glucose level at the initial 100 g oral glucose tolerance test corresponding to the borderline type of the new diagnostic criteria of Japan Diabetic Society ; subjects with fasting blood glucose level (FBG) between 100-120 mg/l00ml and/or 60 min glucose level (1hBG) z 160mg/l00ml and/or 120min glucose level (2hBG) between 130-240mg/100 ml were defined as the borderline type and subse quently followed up. (Subjects with FBG ? 120mg/100ml or 2hBG z 240mg/100ml were defined as the diabetic type and were not included in the present study.) 
Worsening to diabetes
After the initial visit the subjects visited us regularly for 5-12 years at intervals of between 1 and 12 months. Subjects were diagnosed as having definite or unequivocal diabetes when both their fasting and 2-hour blood glucose exceeded 120 mg/100 ml and 240 mg/100 ml (capillary whole blood), respectively, at the follow-up 100g OGTT or when they had clear diabetic retionpathy.
Statistical analysis
Proportional hazard function analysis (Cox DR, 1972) , which takes varying follow-up times into account, was used to determine the roles of variables at the first examination in relation to worsening to diabetes.
RESULTS
Baseline characteristics
At the end of 5-12 year follow-up periods, 56 of 288 subjects worsened to diabetes. In Table 1 comparisons are made between those worsening (n=56) to diabetes and those not worsening (n=232) to diabetes. Max. BWI and BWI at the first visit were significantly larger in those worsening to diabetes. FBG and 2hBG were both significantly higher in those worsening to diabetes, while AIRI/ ? BG(30) were significantly reduced in them as compared with the values in those not worsening. There were no significant differences in mean age, % female and % positive family history between worsening and not worsening. •õ Sigificant with p <0.01.
Multivariate analysis
Baseline variables were further examined by proportional hazard function analysis. In an initial step the eight variables mentioned earlier, were used and regression coefficients and t-values were calculated [Table 2 (i)]. Subsequently variables were discarded one by one in a backward stepwise fashion according to the lowest t-value.
As a final result, shown in Table 2 (ii), four variables (Max. BWI, FBG, 2hBG and ? IRI/? BG(30)) were selected which reached coventional statistical signifi cance. These variables are regarded as having strong predicting power of subsequent worsening to diabetes ; Max. BWI, FBG and 2hBG contribute positively to worsening to diabetes, while ? IRI/? BG(30) contributes inversely to worsening. On the other hand, BWI at the first visit was not adopted as a significant independent contributor in the final result of multivariate analysis, though significant in the univariate analysis.
Incidence of `worsening to diabetes' in relation to blood glucose level, obesity and insulin response Interrelationship between insulin response and obesity for the development of diabetes Subjects were classified into three groups according to their Max. BWI ; group 1 (Max. BWI<110%, n=81), group 2 (110%>_Max. BWI<140%, n=172), group 3 (140% s Max. BWI, n = 35). Group 1 was regarded as a non-obese group, group 2 as mildly or moderately obese group and group 3 as an extremely obese group. In each group the lower the value of ? IRI/? BG(30), the higher the rate of worsening to diabetes. At the same time among subjects with similar values of ? IRI/? BG(30), the more obese, the more frequently they deteriorated to diabetes. In group 1 and group 2, deterioration to diabetes occurred almost exclusively from low insulin responders whose ? TRI/? BG30 were below 0.25 and 0.5, respec tively. On the other hand, in group 3 there was no such discriminating point in ? IRI/? BG(30) value and a certain number of subjects with normal or high insulin response (? IRI/? BG(30) : 0.84-1.96) developed diabetes.
DISCUSSION
Our present study disclosed some aspects of the development of Type II diabetes. First of all our data indicated by multivariate analysis that a high level of both fasting and 2-hour blood glucose, obesity and a diminished insulin response were all significant independent risk factors for the develoment of diabetes.
As mentioned earlier, results of several follow-up studies are in agreement that the initial level of blood glucose is a powerful index for predicting `worsening to diabetes' (O'Sullivan JB et al., 1965, Keen H et al., 1982) . In keeping up with these observations, our study again comfirmed the importance of the initial level of blood glucose. It has been established that insulin response to glucose is decreased in definite diabetes (Kosaka K et al., 1974) , but with regard to the predictive value of low insulin response for the development of diabetes in subjects with impaired glucose tolerance, there still exists some controversy (Kosaka K and Akanuma Y, 1980; Keen H, 1980) . Fajans et al. showed in a follow-up study of members of MODY families and young non-obese mildy glucose intolerant patients that progression to insulin-requiring diabetes occurred only in individuals who had insulin responses which were delayed or low, or lower than the mean response of the control subjects (Fajans, S.S. et al., 1978) . In agreement with this observation, a major group of diabetes developed from low insulin responders in our subjects. Moreover, low insulin response was regarded as a significant independent risk factor for the development of diabetes, taking other risk factors into account.
There have been considerable arguments about relative contributions of insulin deficiency and insulin resistance in the development of diabetes (Luft R and Efendic S, 1978, Reaven GM and Miller RG, 1979) . With regared to this point, Luft et al. suggested that impaired insulin response to glucose is a marker of genetic diabetes and when the demand for insulin release is increased as in the case of obesity, pregnancy, acromegaly etc., glucose intolerance precipitates. Our present study also strongly suggests that in a major group of NIDDM in this country low insulin secretion forms an essential basis and obesity plays a precipi tating role among low-insulin responders. Finally it should not be disregarded that a certain number of severely obese subjects with apparently normal or high insulin secretion did develop diabetes, though they were a minor group in our subjects.
